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PHASE  I INSPECTION  REPORT 


NATIONAL  DAM  INSPECTION  PROGRAM 

BRIEF  ASSESSMENT  OF  GENERAL  CONDITION 

AND 

RECOMMENDED  ACTION 


Name  of  Dam: 


Deep  Hollow  Dam  (NDS  ID  No.  PA-00549; 
DER  ID  NO.  40-3) 


Owner:  Pennsylvania  Gas  and  Water  Company 

State  Located:  Pennsylvania 


County  Located: 
Stream: 


Luzerne 

Deep  Hollow  Run 


Date  of  Inspection  23  May  1978 

Inspection  Team:  Gannett  Fleming  Corddry  and  Carpenter, 

Consulting  Engineers 
P.O.  Box  1963 

Harrisburg,  Pennsylvar  a 17105 

Based  on  the  visual  inspection,  available  records, 
calculations  and  past  operational  performance.  Deep  Hollow 
Dam  is  judged  to  be  in  fair  condition.  However,  the  over- 
all condition  of  the  dam  and  appurtenant  structures  has 
deteriorated  to  the  extent  that  general  rehabilitation  is 
due.  The  spillway  will  not  pass  the  Probable  Maximum  Tlood 
(PMF ) without  overtopping.  The  spillway  capacity  and  stor- 
age available  from  maintaining  a reduced  pool  level  are 
sufficient  to  prevent  overtopping  by  one-half  the  PMF.  If 
Deep  Hollow  Dam  should  fail  due  to  overtopping,  the  hazard 
to  loss  of  life  downstream  from  the  dam  would  be  signifi- 
cantly increased  from  that  which  would  exist  just  prior  to 
overtopping.  Computations  indicate  that  the  PMF  inflow 
would  overtop  the  concrete  nonoverflow  by  0.6  foot.  Al- 
though the  dam  has  a number  of  structural  deficiencies,  it 
is  believed  to  be  improbable  that  overtopping  to  the  extent 
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indicated  would  result  in  complete  failure  of  this  con- 
crete gravity  arch  dam.  Based  on  the  criteria  estab- 
lished for  these  studies  by  the  Department  of  the  Army, 
Office  of  the  Chief  of  Engineers  (OCE) , the  dam  and  spill- 
way are  rated  as  adequate.  The  existing  spillway  com- 
bined with  the  available  storage  from  maintaining  a pool 
level  10  feet  below  spillway  crest  can  accomodate  a flood 
with  a peak  inflow  of  52  percent  of  the  PMF  peak  flow  with- 
out any  overtopping. 

In  order  to  reduce  existing  hazards  for  Deep  Hollow 
Dam  in  the  immediate  future,  the  following  measures  are 
recommended  to  be  undertaken  by  the  Owner  as  soon  as 
practical : 


(1)  Develop  a detailed  emergency  operation  and 
warning  system  for  Deep  Hollow  Dam. 

(2)  Clear  the  spillway  approach  channel. 

(3)  In  order  to  reduce  the  risk  of  failure  at 
high  pool  levels  or  during  overtopping,  the  Owner  should 
investigate  the  foundation  conditions  where  the  dam  is 
founded  on  soil,  and  design  and  implement  proper  rem- 
edial measures  that  are  found  to  be  necessary  to  prevent 
potential  piping  of  the  foundation  materials  and/or 
erosion  by  overflow. 

(4)  Repair  roof  in  gatehouse. 

To  ensure  the  satisfactory  long-term  condition  of  the 
dam,  the  Owner  should  perform  additional  studies  to  more 
accurately  ascertain  the  discharge  capacity  required  for 
Deep  Hollow  Dam,  and  he  should  study  alternates  and  develop 
a plan  for  structural  rehabilitation  of  the  project.  Con- 
tinued lack  of  maintenance  and  repair  will  accelerate  the 
development  of  more  potentially  hazardous  conditions.  The 
study  should  include  determination  of  foundation  conditions, 
condition  of  concrete  in  the  dam,  and  extent  of  remedial 
measures  required  to  make  the  dam  hydraulically  and  struct- 
urally adequate  under  maximum  loading  conditions. 

Before  remedial  work  for  rehabilitating  the  project  is 
complete,  the  following  measures  are  recommended  to  be  under- 
taken by  the  Owner: 

(1)  Maintain  the  pool  level  at  elevation  1108.8 
(10  feet  below  spillway  crest) . 
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(2)  Vi  ;ally  monitor  the  two  areas  along  the  toe 
of  the  dam* and  the  three  wet  areas  located  further  down- 
stream. 

(3)  Provide  rou.\d-the-clock  surveillance  of  Deep 
Hollow  Dam  during  periods  of  unusually  heavy  rains. 

(4)  When  warnings  of  a storm  of  major  propor- 
tions are  given  by  the  National  Weather  Service,  the  Owner 
should  activate  his  emergency  operation  and  warning 
system  procedures. 


* 

* 
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SUSQUEHANNA  RIVER  BASIN 
DEEP  HOLLOW  RUN,  LUZERNE  COUNTY 
PENNSYLVANIA 

DEEP  HOLLOW  DAM 

NDS  ID  NO.  PA-00549 
DER  ID  No.  40-3 

PENNSYLVANIA  GAS  AND  WATER  COMPANY 


i 


PHASE  I INSPECTION  REPORT 
NATIONAL  DAM  INSPECTION  PROGRAM 


JUNE  1978 


SECTION  1 

PROJECT  INFORMATION 


1.1  General. 

a.  Authority.  The  Dam  Inspection  Act,  Public  Law 
92-367,  authorized  the  Secretary  of  the  Army,  through  the 
Corps  of  Engineers,  to  initiate  a program  of  inspection 
of  dams  throughout  the  United  States. 

■b.  Purpose.  yThe  purpose  of  the  inspection  is  to  de- 
termine if  the  dam  constitutes  a hazard  to  human  life  or 
property.  ^ 

1. 2 Description  of  Project. 

a.  Dam  and  Appurtenances.  The  primary  features  of 
Deep  Hollow  Dam  are  a curved  concrete  gravity  section,  two 
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straight  concrete  gravity  sections,  a spillway,  a concrete 
gravity  retaining  wall  and  an  outlet  works.  The  curved 
concrete  gravity  section  begins  at  the  left  abutment  and 
continues  across  the  valley  for  a distance  of  about  660 
feet.  This  section  has  a maximum  height  of  about  45  feet 
and  is  curved  upstream  with  a radius  of  819  feet.  At  the 
right  end  of  the  curved  section,  a low,  straight  concrete 
gravity  section  begins.  This  section  extends  downstream 
for  a distance  of  about  120  feet  at  a deflection  of  57 
degrees  from  the  projection  of  the  chord  joining  the  ends 
of  the  curved  section.  At  the  end  of  this  straight  section, 
a 57-degree  deflection  to  the  right  is  made  to  tie  a final 
90-foot  long  straight  section  into  the  hillside  adjacent 
to  the  Lehigh  Valley  Railroad.  The  32-foot  long  spillway 
is  located  near  the  center  of  this  final  reach.  Beginning 
at  the  right  abutment  of  the  dam,  a concrete  gravity  re- 
taining wall  extends  upstream  along  the  railroad  for  a 
distance  of  370  feet.  This  wall  retains  the  railroad  em- 
bankment and,  with  the  first  straight  section  of  the  dam, 
forms  the  boundaries  of  the  spillway  approach  channel. 

The  spillway  is  a broad-crested  weir  that  is  2 feet  lower 
than  the  top  of  dam.  The  spillway  crest  is  almost  flush 
with  the  ground  surface.  The  top  of  the  railroad  embank- 
ment retaining  wall  is  1 foot  higher  than  the  top  of  the 
dam.  The  outlet  works  consists  of  two  16-inch  diameter- 
pipes  at  the  base  of  the  dam  located  near  the  center  of 
the  curved  section.  A gatehouse  at  the  toe  of  the  dam 
shelters  two  16-inch  gate  valves  for  each  pipe.  Various 
features  of  the  dam  are  shown  the  Plates  at  the  end 
of  the  report  and  on  the  Photographs  in  Appendix  D. 

b.  Location ♦ The  dam  is  located  on  Deep  Hollow  Run 
about  0.6  mile  upstream  its  confluence  with  Mill  Creek. 

Deep  Hollow  Dam  is  shown  on  USGS  Quadrangle,  Pittston, 
Pennsylvania,  with  coordinates  N41°15'30"  - W75°47'30"  in 
Luzerne  County  and  is  about  3 miles  east  of  Wilkes-Barre, 
Pennsylvania.  The  location  map  is  shown  on  Plate  1. 

c.  Size  Classification.  Intermediate  (45  Feet  high, 
740  acre-feet) . 

d . Hazard  Classification.  High  hazard.  Downstream 
conditions  indicate  that  a high  hazard  classification  is 
warranted  for  Deep  Hollow  Dam  (Paragraph  5.1e.). 

e.  Ownership.  Pennsylvania  Gas  and  Water  Company, 
Wilkes-Barre,  Pennsylvania. 

f*  Purpose  of  Dam.  Emergency  water  supply  for  the 
city  of  Wilkes-Barre,  Pennsylvania. 
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g.  Design  and  Construction  History.  Deep  Hollow 
Dan  was  built  in  1907  and  1908  by  the  Spring  Brook  Water 
Supply  Company  to  augment  existing  water  supply.  The 
dam  was  designed  and  constructed  under  the  supervision 
of  John  Lance,  Chief  Engineer  of  Spring  Brook  Water 
Supply  Company. 

In  1914,  the  Pennsylvania  Water  Supply  Com- 
mission performed  hydrologic,  hydraulic,  and  stability 
analyses  for  the  dam.  The  Commission  concluded  that  the 
dam  was  satisfactory  in  design  and  performance. 

Records  of  inspections  performed  by  the  Pen- 
nsylvania Water  Supply  Commission  from  1914  to  1929  in- 
dicate that  the  concrete  underwent  a progressive  deterior- 
ation in  that  period  and  that  leakage  through  the  dam  be- 
came considerable.  In  1929,  the  Commission  recommended 
to  the  Scranton  Spring  Brook  Water  Service  Company  that 
plans  be  made  for  repairing  the  dam.  Repairs  were 
proposed  by  the  Scranton  Spring  Brook  Water  Service 
Company  to  be  accomplished  in  1933,  which  satisfied  the 
Commission.  In  1933,  a 1-year  extension  for  making  the 
repairs  was  granted.  In  1935,  Thomas  H.  Wiggin,  Con- 
sulting Engineer,  prepared  a report  outlining  the  proposed 
repairs  for  Deep  Hollow  Dam.  The  proposed  repairs  were  to 
be  performed  in  two  stages.  The  first  stage  consisted  of 
grouting  the  construction  joints  to  eliminate  leakage.  The 
second  stage  involved  a program  for  major  rehabilitation  of 
the  dam.  The  proposed  plan  of  repairs  was  approved  in  1935. 

In  1935,  the  first  stage  repairs  were  made. 

About  420  holes  were  drilled  and  groute  ed  in  the  top  14 
feet  of  the  dam.  Reports  indicate  that  leakage  through 
the  dam  was  reduced  considerably. 

In  September  1942,  the  Scranton-Spring  Brook 
Water  Service  Company  received  bids  to  perform  the  second 
stage  repair  work,  and  a permit  for  the  work  was  issued 
by  the  Pennsylvania  Water  and  Power  Resources  Board  in 
October  of  that  year.  Details  of  this  second  stage  repair 
work  are  shown  on  Plate  3.  In  1943,  before  any  work  was 
undertaken,  the  Contractor  refused  to  do  the  work,  and  an 
extension  for  completion  of  the  work  was  granted  by  the 
Commonwealth  authorities. 

The  only  information  available  for  the  period 
from  1944  to  the  present  is  correspondence  indicating 
that  the  second  stage  repairs  were  never  made,  and,  ap- 
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parently,  that  the  water  .level  has  been  maintained  at  a 
level  about  10  feet  lower  than  the  spillway  crest  since 
1944.  In  1964,  the  Pennsylvania  Gas  and  Water  Company 
indicated  to  Commonwealth  authorities  that  there  were  no 
immediate  plans  for  reconstruction  of  the  dam. 

h.  Normal  Operational  Procedure.  The  water  level 
in  the  reservoir  of  Deep  Hollow  Dam  is  normally  kept 
about  10  feet  below  spillway  crest.  The  pool  level  is 
maintained  by  the  two  16-inch  diameter  pipes  discharging 
excess  inflow  into  the  channel  downstream  from  the  dam. 

Water  in  the  channel  travels  downstream  to  a canal  located 
about  1,700  feet  from  the  dam.  This  canal,  which  also  is 
fed  from  a small  diversion  structure  on  Mill  Creek, 
carries  the  water  to  Laurel  Run  No.  2 Reservoir.  This 
reservoir  stores  the  water  for  emergency  purposes.  The. 

Owner  said  that  water  for  distribution  is  withdrawn  from 
Laurel  Run  No.  2 Reservoir  only  on  an  average  of  abouf 
twice  a year.  A control  structure  is  located  'in  the  canal 
where  Deep  Hollow  Run  feeds  the  canal.  During  periods  of 
high  outflow  from  Deep  Hollow  Dam,  the  control  structure 
would  allow  excess  water  to  overflow  and  continue  along 
the  natural  stream  channel  to  the  confluence  of  Mill  Creek. 

1.3  Pertinent  Data. 

a.  Drainage  Area.  0.9  square  mile. 

b.  Discharge  at  Damsite.  (cfs.) 

Maximum  known  flood  at  damsite  - unknown. 

Emergency  drawdown  line  at  maximum  pool  eleva- 
tion - 75  (approximate) . 

Spillway  capacity  - 250 

c.  Elevation . (Feet  above  msl.) 

Top  of  dam  - 1120.8. 

Maximum  pool  - 1120.3. 

Normal  pool  (10  feet  below  spillway  crest)-  1108.8. 

Spillway  crest-  1118.8. 

Upstream  intake  invert  outlet  works  - 1078.8. 

Downstream  invert  outlet  works  - 1078.8. 

Streambed  at  centerline  of  dam  - 1079.0  (approx- 
imate) . 

Top  of  railroad  embankment  retaining  wall  - 

1121.8. 
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d.  Reservoir  Length.  (Miles.) 

Normal  pool  - 0.44. 

Maximum  pool  - 0.51. 

e.  Storage . (Acre-feet.) 

Normal  pool  (10  feet  below  spillway  crest)-  240 
Maximum  pool  (top  of  dan)-  740. 

f.  Reservoir  Surface  (Acres.) 

Normal  pool  (10  feet  below  spillway  crest)-  38. 
Maximum  pool  (top  of  dam)-  45. 

g.  Dam. 

Type  - Concrete  gravity  arch. 

Length  - Dam  and  spillway  - 873  feet. 

Arch  nonoverflow  - 660  feet. 

Straight  nonoverflow  - 181  feet. 

Spillway  - 32  feet. 

Railroad  embankment  retaining  wall  - 370 
feet. 

Height  - 45  feet. 

Top  Width  - Dam  - 4 feet. 

Side  Slopes  - Dam  - upstream  - vertical. 
Downstream  - IV  on  0.58H. 

Cutoff  - Dam  penetrates  rock  1.5  to  2.0  feet, 
except  for  28-foot  long  reach. 

Grout  Curtain  - None. 

h.  Diversion  and  Regulating  Tunnels.  None. 

i . Spillway . 

Type  - Broad-crested  weir  (width  2 feet)  . 

Length  of  Weir  - 32  feet. 


Crest  Elevation  - 1118.8. 


Upstream  Channel  - Mild  adverse  slope  to  spill- 
way crest.  Channel  unlined.  Bounded  on 
left  by  dam  and  on  right  by  railroad  embank- 
ment retaining  wall. 

Downstream  Channel  - Steep  slope  curving  to  left. 
Joins  outlet  works  channel  300  feet  down- 
stream from  dam.  Channel  unlined. 

Regulating  Outlets. 

Type  - Two  16-inch  diameter  cast-iron  pipes  on 
4.75-foot  centers. 

Length  - 71  feet. 

Access  - None. 

Regulating  Facilities  - Two  manually  operated 

nonrising  stem  16-inch  gate  valves  with  ex- 
posed 3 to  1 gear  reducers  for  each  pipe  in 
gatehouse  at  toe  of  dam. 
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2.1  Design. 


a.  Data  Available.  Very  little  engineering  data 
was  available  for  review  for  the  original  structures.  In 
a study  performed  in  1914  by  the  Pennsylvania  Water  Supply 
Commission,  an  account  of  design  concepts,  geology,  con- 
struction and  design  features  was  prepared  for  the  struc- 
tures from  interviews  with  the  Owner  and  by  visual  inspect- 
ion. The  1914  study  also  included  analyses  of  hydrology, 
hydraulics,  and  stability  of  the  principal  features. 


b.  Design  Features.  The  primary  features  of  Deep 
Hollow  Dam  are  a curved  concrete  gravity  section,  two 
straight  concrete  gravity  sections,  a spillway,  a concrete 
gravity  retaining  wall,  and  an  outlet  works.  The  locations 
of  the  various  features  of  the  project  are  shown  on  Plate 
2.  A discussion  on  geology  is  presented  in  Appendix  E. 


The  curve  concrete  gravity  section  begins  at  the 
left  abutment  and  continues  across  the  valley  for  a dis- 
tance of  about  660  feet.  The  section  is  curved  upstream 
with  a radius  of  819  feet.  The  right  end  of  the  curved 
section  is  about  100  feet  from  the  right  hillside.  The 
top  width  of  the  curved  concrete  gravity  section  is  4 feet, 
and  the  maximum  height  is  about  45  feet.  The  top  of  the 
dam  is  at  Elevation  1120.8.  The  upstream  face  is  vertical, 
and  the  downstream  face  is  vertical  for  2 feet  and  then  has 
a slope  of  IV  on  0.58H.  According  to  available  information, 
the  curved  portion  of  the  dam  is  founded  completely  on  a 
conglomerate  rock  except  for  a 28-foot  long  reach  located 
73  feet  from  the  right  end.  This  28-foot  reach  is  founded 
on  stiff  clay.  The  foundation  level  for  the  curved  section 
varies  from  2 to  13  feet  below  original  ground,  and  it  is 
into  rock  for  an  average  depth  of  1.5  feet.  A profile  along 
the  axis  of  the  curved  gravity  section  is  show  i on  Plate  4 . 


At  the  right  end  of  the  curved  concrete  gravity 
section  is  a monolith  that  is  8 feet  square  at  its  top. 

The  first  straight  section  of  the  dam  meets  the  curved 
portion  of  the  dam  at  this  monolith.  The  first  straight 
section  extends  downstream  for  a distance  of  about  120  feet 
at  a deflection  angle  of  57  degrees  from  the  projection  of 
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the  chord  joining  the  ends  of  the  curved  section.  The  sec- 
tion has  the  same  geometry  as  the  curved  section,  and  it 
rests  entirely  on  a rock  foundation.  The  maximum  exposed 
height  of  this  section  is  about  7 feet. 

At  the  end  of  the  first  straight  section,  a 57- 
degree  deflection  angle  to  the  right  is  made  to  tie  a 
final  90-foot  long  straight  section  into  the  right  hill- 
side. This  section  is  similar  to  the  other  sections,  but 
its  maximum  exposed  height  is  only  about  2 feet.  The  32- 
foot  long  spillway  is  located  near  the  center  of  this 
section. 


At  the  location  where  the  second  straight  section 
ties  into  the  right  hillside,  a concrete  gravity  retaining 
wall  begins  and  extends  upstream  for  a distance  of  370 
feet.  This  wall  is  1 foot  higher  than  the  top  of  the  dam, 
and  it  retains  an  adjacent  railroad  embankment.  The  re- 
taining wall  has  a top  width  of  2 feet,  a vertical  back 
face  and  an  inclined  front  face  with  a slope  of  IV  on 
0.33H.  It  has  a maximum  exposed  height  of  11  feet  and 
is  founded  on  rock. 

The  spillway  is  32  feet  long  and  has  a 2-foot 
wide  crest  that  is  at  the  original  ground  level.  The 
crest  is  2 feet  lower  than  the  top  of  the  dam.  The  spill- 
way approach  channel  has  a gentle  adverse  slope,  and  it  is 
bounded  on  the  left  by  the  first  straight  section  of  the 
dam  and  on  the  right  by  the  railroad  embankment  retaining 
wall.  The  spillway  outlet  channel  is  steep  and  curves  to 
the  left.  It  meets  the  main  stream  channel  about  300  feet 
downstream  from  the  dam. 

The  outlet  works  is  located  near  the  center  of  the 
curved  section  of  the  dam  and  consists  of  two  16-inch  di- 
ameter cast-iron  pipes  through  the  base  of  the  dam.  Control 
facilities  are  two  16-inch  gate  valves  for  each  line  lo- 
cated in  a gatehouse  near  the  toe  of  the  dam.  The  inlet 
ends  of  the  pipes  extend  18  feet  upstream  from  the  heel  of 
the  dam.  Available  information  indicates  that  the  pipes 
are  encased  in  concrete  from  their  inlet  ends  to  the  gate- 
house. The  16-inch  lines  discharge  into  a small  outlet 
channel.  The  outlet  channel  is  founded  on  rock  and  has  low 
concrete  training  walls  on  each  side. 

2.2  Construction. 


a*  Data  Available.  Construction  data  available  for 
review  for  the  original  structures  was  limited  to  infor- 
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mation  contained  in  the  1914  report  prepared  by  the  Pen- 
nsylvania Water  Supply  Commission.  That  information  was 
obtained  by  interviews  with  the  Owner,  and  it  gives  details 
of  some  of  the  construction  operations. 

b.  Construction  Considerations.  Information  con- 
tained in  the  1914  report  by  the  Pennsylvania  W ater  Supply 
Commission  indicates  that  the  quality  of  the  foundation 
rock  was  excellent,  and  that  joints  in  the  rock  were  clean- 
ed and  filled  prior  to  placing  concrete.  However,  there 
were  no  investigations  to  determine  the  character  of  under- 
lying strata.  Near  the  right  end  of  the  curved  section  of 
the  dam,  a rock  foundation  was  not  reached  and  a 28-foot 
long  section  of  the  dam  was  founded  on  clay.  In  this 
reach,  the  foundation  is  from  12  to  15  feet  below  the  or- 
igional  ground  surface. 

The  1914  report  also  indicates  that  the  aggregate 
for  the  concrete  was  obtained  by  crushing  sandstone  quar- 
ried from  the  hillside  above  the  left  abutment.  They 
also  reported  from  visual  inspection  that  proper  care  had 
not  been  exercised  in  making  construction  joints.  This 
was  apparently  in  the  upper  10  feet  of  the  structure 
which,  in  later  years,  leaked  badly  enough  to  warrant  the 
present  drawdown.  No  joint  leakage  was  found  with  the 
existing  pool. 

2.3  Operation . No  formal  records  of  operation  were 
available  for  review.  However,  inspection  reports  and 
correspondence  provided  information  on  the  performance  of 
the  dam.  Throughout  the  period  of  its  life  when  the  water 
level  in  the  dam  was  maintained  at  spillway  crest  level, 
the  dam  suffered  from  considerable  leakage  in  the  upper 
section  and  concrete  disintegration.  Construction  was 
completed  in  1908  and  by  1914  leakage  through  the  upper 
construction  joints  was  reported.  The  condition  worsened 
in  the  following  years  and  repairs  were  first  recommended 
in  1929.  In  1935,  measures  were  taken  to  reduce  the  leak- 
age by  drilling  and  grouting  the  top  14  feet  of  the  dam. 
Although  information  indicates  that  this  operation  was  at 
least  partially  successful,  no  other  rehabilitation  was 
ever  performed.  In  anticipation  of  major  repairs  in  1944, 
the  reservoir  was  drawn  down.  The  repairs  were  not  car- 
ried through,  and,  apparently,  the  reservoir  has  been 
kept  at  a low  pool  level  ever  since. 

2.4  Other  Investigations.  Plans  and  specifications  were 
developed  m 1942  to  rehabilitate  Deep  Hollow  Dam  and  to 
increase  the  spillway  capacity.  The  actual  work  was 
never  undertaken.  Details  of  the  proposed  rehabilitation 
work  are  shown  on  Plate  3. 


2.5 


Evaluation . 


a.  Availability.  Engineering  data  was  provided 
by  the  Division  of  Dams  and  Encroachments,  Bureau  of 
Water  Quality  Management,  Department  of  Environmental 
Resources,  Commonwealth  of  Pennsylvania  and  by  the  Owner, 
Pennsylvania  Gas  and  Water  Company.  The  Owner  made 
available  an  engineer,  the  caretaker,  and  a valve  crew 
for  information  and  operating  demonstrations  during  the 
visual  inspection.  The  Owner  also  researched  his  files 
for  additional  information  upon  request  of  the  inspection 
team. 


b.  Adequacy.  The  type  and  amount  of  design  data 
and  other  engineering  data  are  limited,  and  the  assessment 
must  be  based  on  the  combination  of  available  data,  visual 
inspection,  performance  history,  hydrologic  assumptions, 
and  hydraulic  assumptions. 

c.  Validity.  There  is  no  reason  to  question  the 
validity  of  the  available  data. 
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SECTION  3 


VISUAL  INSPECTION 


3 . 1 Findings. 

a.  General.  The  general  appearance  of  this  project 
indicated  that  the  project  features  have  deteriorated  with 
age  and  are  in  need  of  repair. 

b.  Dam. 

(1)  The  concrete  of  the  dam  was  in  various 
stages  of  deterioration.  About  20  percent  of  the  top  of 
the  curved  portion  of  the  dam  was  disintegrated  to  a 3-inch 
depth  (Photographs  C,  D,  and  E) . Almost  all  of  the  top  of 
the  two  straight  sections  of  the  dam  was  disintegrated  to 

a depth  of  about  3 inches  (Photographs  G and  H) . In  gen- 
eral, about  80  percent  of  the  downstream  face  of  the  left 
half  of  the  dam  was  scaled  to  an  average  depth  of  2 inches 
(Photograph  D) . The  downstream  face  of  the  right  half 
of  the  dam  was  scaled  and  disintegrated  over  most  of 
its  surface  to  an  average  depth  of  10  inches  (Photographs 
C and  K) . A more  detailed  description  of  the  condition 
of  the  concrete  on  the  downstream  face  is  presented  in 
Appendix  B.  The  exposed  portion  of  the  upstream  face  of 
the  dam  had  deterioration  of  a more  local  nature  (Photo- 
graphs A and  B) . About  10  percent  of  the  exposed  surface 
had  scaling,  spalling,  or  disintegration  to  an  average 
depth  of  6 inches.  However,  some  areas  were  more  deterior- 
ated. At  the  right  end  of  the  curved  section  of  the  dam, 
a 25-foot  reach  was  disintegrated  to  a depth  of  about  18 
inches  (Photograph  F) . In  this  reach  a 2-inch  diameter 
cable  that  was  embedded  in  the  concrete  is  exposed.  The 
concrete  deterioration  is  generally  more  advanced  at  the 
construction  joints,  particularly  near  the  top  of  the  dam. 

(2)  There  was  no  seepage  on  the  downstream  face 
of  the  dam.  The  pool  level  on  the  date  of  the  inspection 
was  11.8  feet  below  the  top  of  the  dam. 

(3)  Five  wet  areas  were  observed  in  the  area 
downstream  from  the  dam.  About  200  feet  from  the  left 
abutment,  a small  spring  emerged  at  a rock  outcrop  about 
150  feet  from  the  dam.  About  325  feet  from  the  left  abut- 
ment, there  was  a swampy  area  from  75  feet  to  150  feet 
downstream  from  the  dam.  There  was  no  flow  of  water,  and 
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the  swampy  area  appeared  to  be  an  area  of  natural  runoff 
concentration.  At  a low  area  located  about  450  feet  from 
the  left  abutment,  there  was  soft  area  located  about  120 
feet  downstream  from  the  dam.  A slight,  clear  flow  was 
observed  at  this  area.  About  500  feet  from  the  left  abut- 
ment, there  was  a 5-foot  diameter  wet  area  located  about 
20  feet  from  the  toe  of  the  dam.  There  was  no  flow  of 
water  from  the  area,  and  the  ground  between  the  wet  area 
and  toe  of  the  dam  was  not  abnormally  soft.  About  600 
feet  from  the  left  abutment,  another  5-foot  diameter  wet 
area  was  located  about  30  feet  from  the  toe  of  the  dam. 

This  area  is  shown  on  Photograph  J.  Although  no  flow  of 
water  was  observed,  the  ground  between  the  wet  area  and 
the  toe  of  the  dam  was  softer  than  adjacent  areas. 

(4)  It  was  observed  that  the  forest  begins  im- 
mediately at  the  downstream  toe  of  the  dam,  and  that  some 
large  vines  are  growing  on  the  downstream  face  of  the  dam. 

c . Appurtenant  Structures. 

(1)  The  spillway  crest  is  at  the  original  ground 
level.  The  concrete  on  the  crest  was  cracked  and  uneven, 
and  one  section  was  missing  (Photograph  H) . The  spill- 
way approach  channel  was  completely  overgrown  with  2-inch 
to  4-inch  diameter  mixed  hard  woods  (Photographs  E,  G,  H, 
and  I) . The  spillway  discharge  channel  was  irregular  and 
overgrown  with  heavy  forest  (Photograph  H) . The  outlet 
channel  was  not  lined,  but  several  rock  outcrops  were 
visible. 


(2)  The  gatehouse  had  a large  hole  in  the  roof 
that  was  apparently  caused  by  vandals.  The  valves  in  the 
gatehouse  were  partially  buried  in  earth  and  were  covered 
with  straw  to  prevent  freezing.  The  exposed  gear  reducers 
were  rusted.  One  of  the  16-inch  diameter  lines  was  dis- 
charging water  prior  to  the  inspection.  During  the  inspect 
ion,  the  valve  on  the  other  line  was  fully  opened  (Photo- 
graph L) . The  valve  operated  easily  and  was  opened  in  a 
tew  minutes  by  the  caretaker  without  using  the  reduction 
gearing . 

(3)  The  downstream  half  of  the  railroad  embank- 
ment retaining  wall  had  scaling  over  about  75  percent  of 
its  exposed  face  to  an  average  depth  of  2 inches  (Photo- 
graph I) . The  upstream  half  was  generally  in  good  con- 
dition except  that  near  the  upstream  end  a horizontal  con- 
struction joint  near  the  top  of  the  wall  was  weathered  to 
a depth  of  4 inches,  and  about  0.5  inch  of  differential 
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movement  was  measured.  Concrete  at  construction  joints 
vws  generally  mere  deteriorated  than  the  other  areas,  and 
several  snail  trees  were  growing  in  the  construction  joints. 

d.  Reservoir  Area.  The  slopes  adjacent  to  the  res- 
ervoir are  generally  mild  and  are  covered  with  hardwoods. 

No  evidence  was  visible  of  creep,  rockslides  or  landslides. 
The  Owner  indicated  that  sedimentation  is  not  a problem 
from  the  standpoint  of  reduced  reservoir  capacity.  The 
watershed  is  owned  by  the  Pennsylvania  Gas  and  Water 

Company  and  is  undeveloped.  At  one  time  an  earth  lined 
flume  brought  additional  inflow  into  the  reservoir  from 
another  watershed.  While  it  was  operable,  it  increased 
the  effective  watershed  area  by  about  0.6  square  mile. 

The  flume  was  abandoned  some  years  ago.  The  inspection 
team  examined  the  intake  area  of  the  abandoned  flume  to 
verify  that  it  no  longer  contributes  any  inflow  to  the 
reservoir  (Photograph  M) . The  intake  structure  no  longer 
exists  and  the  flume  is  overgrown  with  the  trees  and  brush. 
The  Owner  also  said  that  at  several  locations  along  the 
flume  the  sides  are  broken  down  and  that  no  inflow  could 
be  carried  into  the  reservoir  of  Deep  Hollow  Dam. 

e.  Downstream  Channel.  There  is  a short  outlet 
channel  for  the  outlet  works.  The  bottom  is  bedrock  and 
each  side  has  a low  training  wall.  The  outlet  channel 
flows  into  the  natural  stream  channel.  The  stream  flows 
through  the  forest  unobstructed. 

3 . 2 Evaluation . 

a.  Dam. 


(1)  Based  on  descriptions  of  the  dam  contained 
in  previous  inspection  reports,  it  does  not  appear  that 
the  condition  of  the  concrete  on  this  downstream  face  of 
the  dam  has  deteriorated  greatly  since  the  pool  level  was 
lowered  in  the  early  1940's.  For  example,  the  inspection 
report  filed  in  1941  indicates  that  peeking  off  about  1 
foot  of  the  downstream  surface  would  produce  a sound 
concrete  surface.  Similarly,  a report  in  1934  indicates 
disintegration  on  the  downstream  face  had  occurred  to  a 
maximum  depth  of  9 inches.  During  this  study  the  great- 
est average  disintegration  over  a large  area  was  estimated 
to  be  about  10  inches.  The  previous  inspection  reports  in- 
dicate that  the  active  period  of  disintegration  of  the  down- 
stream face  corresponds  to  the  period  when  the  reservoir  was 
maintained  at  the  spillway  crest  and  when  the  upper  level  of 
the  dam  was  leaking.  Apparently,  when  the  upper  level  of  the 
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dan  was  grouted  and  the  pool  was  lowered,  and  leaking  ceased 
and  the  rate  of  disintegration  decreased  substantially. 

It  is  reasonable  to  assume  that  the  condition  of  the  down- 
stream face  has  resulted  primarily  from  freeze-thaw  cycles 
during  the  period  of  leakage.  Consequently,  it  appears 
that  the  situation  has  been  nearly  stable  for  about  the 
last  35  years.  The  condition  of  the  upstream  face  is  less 
certain  because  only  the  top  one-fourth  of  the  surface  could 
be  examined.  A report  in  1942  indicates  that  a visual 
inspection  of  the  upstream  face  was  made  when  the  reservoir 
was  drawn  down  and  that  the  concrete  was  disintegrated  at 
all  of  the  construction  joints.  However,  in  this  in- 
spection, no  leakage  was  observed  anywhere  on  the  downstream 
surface.  Based  on  the  visual  inspection  and  previous 
inspection  reports,  it  appears  that  deterioration  of  the 
concrete  is  continuing  but  at  a slow  rate.  Poorly  made 
construction  joints  near  the  top  of  the  dam  have  apparently 
been  the  root  of  most  of  the  problems  that  have  been  ex- 
perienced. The  concrete  at  some  of  these  joints  has  de- 
teriorated to  the  extent  that  there  might  be  some  blocks  of 
concrete  near  the  top  of  the  dam  that  are  separated  from 
the  bulk  of  the  dam  by  cracks.  However,  the  lack  of  leak- 
age, uniform  horizontal  and  vertical  alignment,  and  lack 
of  cracks  indicates  that  the  structural  integrity  of  most 
of  most  of  the  dam  has  probably  been  maintained. 

(2)  Of  the  five  areas  that  were  observed,  only 
the  two  closest  to  the  dam  are  considered  to  be  of  gen- 
eral concern.  The  others  are  situated  at  loc  itions  that 
indicate  probable  sources  of  water  other  than  flow  under 
the  dam.  Of  the  two  wet  areas  closest  to  the  dam,  the  one 
of  greater  concern  is  the  one  located  about  600  feet  from 
the  left  abutment.  Although  no  flow  of  water  was  observed, 
the  ground  between  this  wet  area  and  the  toe  of  the  dam  was 
softer  than  adjacent  areas.  The  location  of  this  wet  area 
corresponds  to  the  location  where  the  foundation  of  the  dam 
is  reported  to  be  founded  on  clay. 

(3)  The  growth  of  trees  along  downstream  toe  of 
the  dam  is  undesirable.  Roots  from  trees  have  been  known 
to  cause  problems  along  the  foundations  of  structures.  The 
vines  growing  on  the  downstream  face  of  the  dam  will  prob- 
ably accelerate  local  disintegration  of  the  concrete. 

b.  Appurtenant  Structures 

(1)  The  spillway  approach  channel  is  over- 
grown to  the  extent  it  would  probably  reduce  the  capacity 
of  the  spillway.  Though  unlined,  the  outlet  channel  has 
rock  outcrops  nearby  chat  indicate  that  little  erosion 


would  result  from  spillway  discharge.  The  spillway  itself 
is  such  a minor  structure  that  it  has  little  overall  impor 
tance  to  the  dam  as  a whole. 

(2)  The  hole  in  the  roof  of  the  gatehouse 
could  allow  access  for  vandals  to  the  valve  operating 
mechanisms.  The  valves  are  apparently  operated  regularly 
to  maintain  the  pool  level.  The  rust  on  the  exposed 
gear  reducers  is  undesirable. 

(3)  The  condition  of  the  railroad  embankment 
retaining  wall  is  not  very  significant.  It  has  not  yet 
deteriorated  to  the  extent  of  being  considered  unsatis- 
factory, but  some  maintenance  is  needed.  Continued  growth 
of  the  trees  in  the  construction  joints  will  cause  acceler 
ated  deterioration. 

c.  Reservoir  Area.  No  conditions  were  observed  in 
the  reservoir  area  that  might  present  significant  hazard 
to  the  dam. 


d.  Downstream  Channel.  No  conditions  were  observed 
in  the  downstream  channel  that  might  present  significant 
hazard  to  the  dam.  Additional  discussion  on  downstream 
conditions  is  presented  in  Paragraph  5.1e.. 
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SECTION  4 


OPERATIONAL  PROCEDURES 


4.1  Procedure . As  far  as  could  be  determined  from  avail- 
able information,  the  water  level  in  the  reservoir  has  been 
maintained  at  approximately  Elevation  1108.8  since  1944. 

This  is  10  feet  below  spillway  crest  level.  The  reservoir 
has  been  maintained  at  this  level  because  a proposed  re- 
habilitation of  the  dam  in  1942  was  never  undertaken.  The 
pool  level  is  maintained  by  withdrawing  excess  inflow 
through  two  16-inch  diameter  cast-iron  pipes  at  Elevation 
1078.8  that  discharge  into  a small  outlet  channel  near  the 
toe  of  the  dam.  Flow  through  the  cast-iron  pipes  is  reg- 
ulated by  valves  located  in  a gatehouse  at  the  toe  of  the 
dam.  Each  pipe  has  two  16-inch  gate  valves.  The  upstream 
valve  on  each  line  is  normally  open,  and  the  downstream 
valve  is  used  to  regulate  flow.  The  caretaker  visits  the 
dam  daily  and  checks  the  reservoir  level.  Unless  other- 
wise directed  by  the  Owner's  Engineering  Department,  the 
caretaker  adjusts  the  valves  according  to  his  judgement  so 
that  the  normal  pool  elevation  is  maintained.  The  care- 
taker has  been  on  the  job  for  36  years.  Outflow  from  the 
dam  travels  down  the  natural  stream  channel  to  a canal 
located  about  1,700  feet  downstream  from  the  dam.  This 
canal  is  fed  by  the  outflow  from  Deep  Hollow  Dam  and  also 
by  a small  diversion  structure  located  on  Mill  Creek.  The 
canal  carries  the  water  to  Laurel  Run  No.  2 Reservoir, 
which  stores  the  water  for  emergency  purposes.  The  Owner 
said  that  water  in  this  reservoir  is  withdrawn  for  dis- 
tribution only  on  an  average  of  twice  a year.  During 
periods  of  high  outflow  from  Deep  Hollow  Dam,  a control 
structure  that  is  located  along  the  canal  where  Deep  Hollow 
Run  enters  it  allows  any  excess  water  to  spill  back  into 
the  natural  stream  channel.  The  excess  water  then  con- 
tinues downstream  to  the  confluence  of  Mill  Creek. 

4.2  Maintenance  of  Dam.  The  dam  is  visited  daily  by  a 
caretaker  who  checks  the  water  level  in  the  reservoir  and 
adjusts  the  valves  as  he  deems  necessary  in  order  to  main- 
tain the  normal  pool  level.  He  reports  the  water  level 
each  day  to  the  Owner's  Engineering  Department,  and  he  makes 
a written  weekly  report.  The  caretaker  is  also  responsible 
for  observing  the  general  condition  of  the  dam  and  reporting 
any  unusual  conditions.  No  maintenance  work  is  performed 
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cn  the  dam  or  appurtenant  structures.  A Pennsylvania  Gas 
and  Water  Company  engineer  makes  a formal  inspection  of  the 
dam  each  year,  and  the  records  are  kept  on  file. 

4.3  Maintenance  of  Operating  Facilities.  There  is  no 
known  regular  maintenance  program  for  the  operating  facil- 
ities. Maintenance  of  valves  and  discharge  channel  is  ap- 
parently performed  as  deemed  necessary. 

4.4  Warning  Systems  in  Effect.  The  Owner  furnished  the 
inspection  team  with  a chain  of  command  diagram  for  Deep 
Hollow  Dam  and  a generalized  emergency  notification  list 
that  is  applicable  for  all  Pennsylvania  Gas  and  Water 
Company  dams.  The  Owner  said  that  during  periods  of  heavy 
rainfall,  available  personnel  are  dispatched  to  the  dams  to 
observe  conditions.  All  company  vehicles  are  equipped  with 
radios,  and  the  personnel  can  communicate  with  each  other 
and  with  a central  control  facility  located  in  Wilkes-Barre. 
However,  the  caretaker  uses  a privately  owned  vehicle 

that  is  not  equipped  with  a radio.  Evaluation  of  risk  is 
made  by  the  Owner's  Engineering  Department.  The  Owner's 
Engineering  D ■ ..-rtment  is  also  responsible  for  notification 
of  emergency  conditions  to  the  local  authorities.  Detailed 
emergency  operational  procedures  have  not  been  formally 
established  for  Deep  Hollow  Dam,  but  are  as  directed  by  the 
Owner's  Engineering  Department. 

4.5  Evaluation.  As  discussed  in  Section  3,  the  operational 
procedure  that  is  used  appears  to  have  nearly  stabilized 
the  condition  of  the  concrete  in  the  dam,  and  its  present 
rate  of  deterioration  appears  to  be  slow.  However,  main- 
tenance of  the  dam  has  been  almost  nonexistent  since  about 
1935.  As  a short  term  solution,  the  operation  and  inspect- 
ion procedures  are  considered  satisfactory  because  the 
reservoir  level  is  normally  kept  at  a level  about  25  per- 
cent lower  than  the  design  level  and  because  the  condition 
of  the  dam  is  checked  at  regular  intervals.  However,  the 
combined  operation  and  maintenance  procedures  presently 
used  are  not  satisfactory  for  long  term  operation  of.  the 
dam.  Neglect  of  needed  maintenance  causes  accelerated 
deterioration  of  structures  and  encourages  development  of 
potentially  hazardous  conditions.  In  general,  the  warning 
system  is  adequate,  but  it  is  not  in  sufficient  detail  for 
Deep  Hollow  Dam  when  its  overall  condition  is  considered. 
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SECTION  5 


HYDROLOGY  AND  HYDRAULICS 


5.1  Evaluation  of  Features. 


a . Design  Data. 

(1)  No  hydrologic  or  hydraulic  analyses  for  the 
original  Deep  Hollow  Dam  design  were  available  for  review. 

In  the  1914  report  by  the  Pennsylvania  Water  Supply  Com- 
mission the  spillway  capacity  was  reported  to  be  235  cfs, 
but  no  back-up  computations  were  available  for  review. 

(2)  In  the  recommended  guidelines  for  safety 
inspection  of  dams,  the  Department  of  the  Army,  Office 
of  the  Chief  of  Engineers  (OCE) , established  criteria 
for  rating  the  capacity  of  spillways.  The  recommended 
spillway  design  flood  for  the  size  (intermediate)  and 
hazard  potential  (high)  classification  of  Deep  Hollow  Dam 
is  the  Probable  Maximum  Flood  (PMF) . If  the  dam  and  spill- 
way are  not  capable  of  passing  the  PMF  without  overtopping 
failure,  the  spillway  capacity  is  rated  as  inadequate. 

If  the  dam  and  spillway  are  capable  of  passing  one-half 
of  the  PMF  without  overtopping  failure,  the  spillway 
capacity  is  not  rated  as  seriously  inadequate.  A spill- 
way capacity  is  rated  as  seriously  inadequate  if  all  of 
the  following  conditions  exist: 

(a)  There  is  a high  hazard  to  loss  of  life 
from  large  flows  downstream  of  the  dam. 

(b)  Dam  failure  resulting  from  overtop- 
ping would  significantly  increase  the  hazard  to  loss  of 
life  downstream  from  the  dam  from  that  which  would  exist 
just  before  overtopping  failure. 

(c)  The  dam  and  spillway  are  not  cap- 
able of  passing  one-half  of  the  PMF  without  overtopping  fail- 
ure. 


(3)  The  Deep  Hollow  Run  watershed  is  owned  by 
the  Pennsylvania  Gas  and  Water  Company  and  is  undeveloped. 
Hydrologic  analysis  for  this  study  was  based  on  existing 
conditions  and  the  effects  of  future  development  of  the 
watershed  were  not  considered. 

b.  Experience  Data.  For  this  report,  a PMF  peak 
flow  previously  calculated  for  a potential  reservoir  site 
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on  Fall  Brook  was  transposed  to  the  Deep  Hollow  Run  water- 
shed. The  PMF  peak  flow  was  estimated  to  be  2,860  cfs 
at  Deep  Hollow  Dan.  The  spillway  capacity  was  estimated 
! for  this  study  at  260  cfs.  These  computations  are  in- 

cluded in  Appendix  C. 

c . Visual  Observations. 

(1)  The  spillway  approach  channel  is  an  unlined 
earth  channel  excavated  near  the  right  abutment  of  the  dam. 
It  is  bounded  on  the  left  by  the  straight  concrete  gravity 
section  of  the  dam  and  on  the  right  by  a concrete  retain- 
ing wall  for  the  Lehigh  Valley  Railroad  embankment.  Be- 
tween the  retaining  wall  and  the  dam,  the  spillway  ap- 
proach channel  is  overgrown  with  dense  brush  and  2 to  4- 
inch  saplings.  The  spillway  outlet  channel  is  also  over- 
grown. Photographs  G and  H show  the  extent  of  the  growth. 
These  conditions  would  have  the  effect  of  reducing  the 
spillway  capacity  to  some  extent.  However,  for  this  study 
the  spillway  capacity  was  determined  as  if  the  approach 
and  outlet  channels  were  cleared. 

(2)  As  originally  constructed,  water  was  di- 
verted into  Deep  Hollow  Reservoir  from  an  adjacent  water- 
shed (0.6  square  mile)  by  means  of  a small  intake 
structure  and  a flume.  The  masonry  intake  structure  had 
washed  away  and  the  clay-lined  flume  is  overgrown  with 
brush  and  small  trees.  A representative  of  the  Pennsyl- 
vania Gas  and  Water  Company  informed  the  inspection  team 
that  the  flume  was  also  caved  in  at  several  locations 
beyond  the  intake  structure.  Therefore,  the  flume  no 
longer  can  convey  any  inflow  into  Deep  Hollow  Reservoir. 
Photograph  M shows  the  intake  area  of  the  flume. 

d.  Overtopping  Potential.  For  an  occurrence  of 
the  PMF,  the  peak  inflow  of  2,860  cfs  is  greater  than  the 
spillway  capacity  of  Deep  Hollow  Dam.  A check  of  the  sur- 

* charge  storage  effect  of  Deep  Hollow  Reservoir  shows  that 
the  surcharge  storage  available  is  insufficient  to  contain 
an  inflow  with  a peak  flow  of  2,860  cfs  without  overtopping 
the  dam  (Appendix  C.).  Calculations  indicate  that  the  dam 
would  be  overtopped  by  about  0.6  foot  of  water  by  a PMF 
inflow. 

• e.  Downstream  Conditions.  A plan  of  the  area  down- 
stream from  Deep  Hollow  Dam  is  shown  on  Plate  1.  About 
0.1  mile  downstream  from  the  dam,  the  Deep  Hollow  Run  val- 
ley is  traversed  by  two  66  kv  transmission  lines  that  are 
owned  by  the  Pennsylvania  Power  and  Light  Company.  The 
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lines  are  strung  on  wooden  poles  and  could  be  affected  by 
a failure  of  Deep  Hollow  Dam.  At  a distance  of  0.3  mile 
downstream  from  the  dam,  a concrete  diversion  structure 
with  a weir  overflow  diverts  water  to  the  Laurel  Run  No.  2 
intake  of  the  Pennsylvania  Gas  and  Water  Company.  Large 
discharges  would  overtop  the  diversion  structure  and  flow 
down  the  Deep  Hollow  Run  valley  to  the  confluence  of  Mill 
Creek,  0.7  mile  downstream  of  the  dam.  Downstream  from 
the  confluence,  there  is  a reach  of  Mill  Creek  that  flows 
through  an  uninhabited,  densely  wooded  valley.  Interstate 
Route  81  crosses  Mill  Creek  1.7  miles  downstream  from  Deep 
Hollow  Dam,  and  the  stream  runs  through  the  embankment  in 
twin  box  culverts,  each  of  which  is  16.5  feet  wide,  11.2 
feet  high  and  300  feet  long.  Downstream  from  Interstate 
Route  81,  Mill  Creek  passes  under  Pennsylvania  Route  315. 
This  opening  is  very  la^ge  and  would  pose  almost  no  re- 
striction to  flow.  The  first  structure  that  would  be 
affected  by  a failure  of  Deep  Hollow  Dam  is  located  along 
Pennsylvania  Route  315.  The  Pocono  Downs  racetrack  fa- 
cilities are  situated  just  downstream  of  the  Pennsylvania 
Route  315  bridge,  about  2.3  miles  downstream  from  Deep 
Hollow  Dam.  Beyond  the  racetrack,  Mill  Creek  winds 
through  1.3  miles  of  strip  mines  before  entering  the  north- 
east end  of  the  City  of  Wilkes-Barre,  Pennsylvania.  If 
Deep  Hollow  Dam  failed,  the  embankment  of  Interstate  Route 
81  could  decrease  or  increase  the  hazard  to  human  life  or 
property.  If  the  Interstate  Route  81  embankment  did  not 
fail  as  a result  of  a failure  of  Deep  Hollow  Dam,  the 
hazard  to  human  life  and  property  would  decrease.  If 
the  Interstate  Route  81  embankment  did  fail  as  a result 
of  a failure  of  Deep  Hollow  Dam,  the  hazard  to  human 
life  and  property  could  increase.  The  mechanics  of 
the  interaction  between  the  failure  of  Deep  Hollow  Dam 
and  the  embankment  of  Interstate  Route  81  are  complex 
and  beyond  the  scope  of  this  study.  Therefore,  it  can- 
not be  assumed  that  the  hazard  to  human  life  and  prop- 
erty resulting  from  a failure  of  Deep  Hollow  Dam  would 
be  reduced  by  the  existence  of  the  highway  embankment. 
Consequently,  the  downstream  conditions  indicate  that  a 
high  hazard  classification  is  warranted  for  Deep  Hollow 
Dam. 


f . Spillway  Adequacy. 

(1)  The  spillway  of  Deep  Hollow  Dam  will  not 
pass  the  PMF  without  overtopping  the  dam  by  0.6  foot.  One- 
half  of  the  PMF  inflow  is  1,430  cfs  and  is  greater  than 
the  spillway  capacity.  A check  of  the  surcharge  storage 
effect  of  Deep  Hollow  Reservoir  using  the  reduced  pool 
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level  as  normal  pool  elevation  shows  that  the  surcharge 
storage  available  is  sufficient  to  contain  an  inflow  with 
a peak  flow  of  1,430  cfs  without  overtopping  the  dam. 
(Appendix  C) . 

(2)  The  maximum  tailwater  is  estimated  to  be 
Elevation  1082.0  at  the  spillway  capacity  of  260  cfs. 

At  maximum  pool  elevation  there  is  a difference  of  about 
39  feet  between  headwater  and  tailwater.  If  Deep  Hollow 
Dam  should  fail  due  to  overtopping,  the  hazard  to  loss  of 
life  downstream  from  the  dam  will  be  significantly  in- 
creased from  that  which  would  exist  just  prior  to  over- 
topping . 


(3)  As  discussed  in  Paragraph  6. If.,  it  is  be- 
lieved that  the  dam  is  capable  of  passing  a flow  of  0.6 
foot  over  its  entire  length  with  possibly  some  damage  to 
the  disintegrated  concrete  but  not  complete  failure. 

(4)  Based  on  established  OCE  criteria  as  out- 
lined in  Paragraph  5.1a.  (2),  the  dam  and  spillway  of  Deep 
Hollow  Dam  are  rated  as  adequate.  Considering  the  effects 
of  the  surcharge  storage  of  500  acre-feet  the  spillway 
discharge  capacity  of  260  cfs  can  accomodate  a flood  with 

a peak  inflow  of  1,490  cfs  for  a storm  of  the  same  duration 
as  the  PMF  without  any  overtopping.  This  is  52  percent 
of  the  PMF  peak  inflow. 
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SECTION  6 


STRUCTURAL  STABILITY 


6.1  Evaluation  of  Structural  Stability, 
a.  Visual  Observations. 


(1)  General . The  visual  inspection  of  Deep 
Hollow  Dam  resulted  in  a number  of  observations  relevant 
to  structural  stability.  These  observations  are  listed 
herein  for  the  various  features. 

(2)  Dam.  The  concrete  of  the  dam  was  de- 
teriorated. The  location  and  extent  of  the  deteriorated 
areas  of  the  dam  are  described  in  Paragraph  3.1b.  and 
evaluated  in  Paragraph  3.2a.. 

b.  Design  and  Construction  Data.  No  records  of 
design  data  or  stability  computations  for  the  original 
structures  were  available  for  review.  However,  a stabil- 
ity analysis  for  the  curved  gravity  section  of  the  dam 
was  performed  in  1914  by  the  Pennsylvania  Water  Supply 
Commission. 


The  1914  analysis  was  reviewed  to  assess  the 
stability  of  the  curved  gravity  section  of  Deep  Hollow 
Dam.  This  analysis  assumed  headwater  at  top  of  dam, 
concrete  weight  of  145  pounds  per  cubic  foot,  uplift 
varying  uniformly  from  zero  at  the  toe  to  two-thirds 
of  full  upstream  water  pressure  at  the  heel  of  the  dam, 
and  zero  tailwater.  The  results  of  the  analysis  were 
that  the  resultant  is  outside  the  middle  third  but  within 
the  base,  about  6 feet  from  the  toe.  Toe  pressure  and 
resistance  to  sliding  were  found  to  be  within  acceptable 
limits.  The  calculations  were  reviewed  and  the  results 
appear  to  be  satisfactory.  It  should  be  noted,  however, 
that  the  concrete  is  deteriorated  to  various  stages,  and 
if  the  reduced  section  were  used,  the  resultant  would  be 
located  slightly  closer  to  the  downstream  toe  of  the 
section.  OCE  guidelines  on  overturning  recommend  that 
the  resultant  be  within  the  middle  third  of  the  base. 
Although  the  resultant  is  outside  the  middle  third,  it 
is  within  the  base,  and  considering  that  the  dam  is  found- 
ed almost  entirely  on  rock  and  that  the  toe  pressures  and 
resistance  to  sliding  are  within  acceptable  limits,  the 
resultant  being  outside  the  middle  third  is  not  considered 
to  be  a significant  deviation  from  the  recommended  guide- 
lines . 
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c.  Operating  Records.  There  was  no  information 
reviewed  that  gave  any  indication  that  stability  problems 
have  occurred  for  the  dam  during  its  operational  history. 
However,  the  reservoir  pool  level  has  been  maintained 
about  10  feet  below  spillway  crest  since  the  early  1940's 
in  accordance  with  the  current  permit  for  Deep  Hollow  Dam. 

d.  Post-Construction  Changes.  Mo  changes  have  been 
made  to  Deep  Hollow  Dam  since  construction. 

e.  Seismic  Stability.  Deep  Hollow  Dam  is  located 
in  Seismic  Zone  1.  Normally,  it  can  be  considered  that 
if  a dam  in  this  zone  is  stable  under  static  loading  con- 
ditions, it  can  be  assumed  safe  for  any  expected  earth- 
quake loading. 

f . Ability  to  Withstand  Overtopping. 

(1)  Preliminary  calculations  indicate  that  Deep 
Hollow  Dam  would  be  overtopped  by  the  PMF  by  about  0.6  foot 
over  its  whole  length.  A structural  analysis  was  made  in 
this  study  for  the  overtopping  condition.  A tailwater 
depth  of  4 feet  was  assumed  because  the  shape  of  the  down- 
stream valley  would  cause  a tailwater  concentration  near  the 
maximum  section  of  the  dam.  Only  the  bottom  of  the  curved 
concrete  gravity  section  was  considered,  and  no  allowance 
was  made  for  any  section  reduction  due  to  concrete  deterior- 
ation. The  stability  analysis  based  on  these  assumptions 
indicates  that  the  toe  pressure  and  sliding  factor  would 

be  within  acceptable  limits.  The  resultant  is  outside  the 
middle  third,  but  it  is  located  within  the  base,  about  6.5 
feet  from  the  toe. 

(2)  Although  the  analysis  described  above  indi- 
cates that  the  dam  might  withstand  overtopping  by  the  PMF 
without  failure,  there  are  two  additional  factors  to  consider. 
The  first  factor  is  that  although  the  dam  is  known  to  be 
founded  upon  a hard  sound  conglomerate  rock,  there  were  no 
investigations  of  the  strata  underlying  the  top  of  the  found- 
ation. It  is  also  known  that  a 28-foot  long  reach  of  the 
dam,  near  the  right  end  of  the  curved  section  of  the  dam 

was  founded  on  stiff  clay,  13  to  15  feet  below  natural 
ground  level.  It  should  also  be  noted  that  a soft,  wet  area 
was  observed  downstream  from  the  toe  in  the  vicinity  of  this 
reach.  At  higher  pool  levels,  this  could  be  of  concern. 

The  second  factor  of  importance  is  the  condition  of  the  con- 


Crete.  The  concrete  at  the  horizontal  and  vertical  con- 
struction joints  in  the  upper  10  feet  of  the  dam  is  badly 
weathered  to  considerable  depths,  the  downstream  surface 
of  the  dam  has  deteriorated  over  large  areas  to  a maximum 
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average  depth  of  10  inches,  the  surface  at  the  top  of  dan 
is  badly  disintegrated,  and  the  condition  of  most  of  the 
upstream  face  is  unknown. 

(3)  Apparently  most  of  the  above  conditions  were 
created  during  the  early  life  of  the  dam  and  have  not  pro- 
gressed greatly  since  then.  A water  level  was  maintained 
at  spillway  crest  for  36  years  with  leakage  problems  in  the 
upper  areas  of  the  dam,  but  no  other  concern.  If  the  dam 
were  structurally  rehabilitated,  no  concern  would  be  felt 
for  several  feet  of  overtopping.  Even  in  its  present  con- 
dition, it  is  believed  to  be  capable  of  passing  a flow  of 
0.6  foot  over  its  entire  length  with  possibly  some  damage 
to  the  disintegrated  concrete,  but  no  complete  failure. 
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SUCTION  7 


ASSESSMENT,  RECOMMENDATIONS,  AND  REMEDIAL  MEASURES 


7.1  Dam  Assessment. 


a . Safety. 

(1)  Based  on  the  visual  inspection,  available 
records,  calculations  and  past  operational  performance, 

Deep  Hollow  Dam  is  judged  to  be  in  fair  condition.  How- 
ever, deficiencies  of  varying  degree  of  importance  were 
noted.  A summary  of  the  features  and  observed  deficiencies 
is  listed  below: 

Feature  and  Location  Ohsprved  Deficiencies 


Dam: 

Top  of  dam 


Disintegration  over 
20  percent  of  area  to 
average  depth  of 
3 inches. 


Downstream  face 


Upstream  face 


Spillway : 
Crest 


Scaling^ and  disintegra- 
tion over  80  percent  o 
area;  average  depth  le 
half  of  dam  is  2 inches; 
average  depth  right  half 
of  dam  is  10  inches. 


Scaling,  Spalling,  and 
disintegration  over  10 
percent  of  exposed  area 
to  average  depth  of  6 
inches . 


Uneven,  cracked,  one 
section  missing. 


Approach  channel 


Overgrown . 


Outlet  channel 


Irregular  and  overgrown. 


Outlet  Works : 
Ga tehouse 


Hole  in  roof 
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r-i)  in 


Feature  and  Location 


Observed  Deficiencie: 


Exposed  gears  Rusted. 

Retaining  Wall: 

Downstream  half  Scaling  over  75  percent 

of  area  to  average  depth 

of  2 inches. 


Upstream  end  Crack  at  horizontal 

construction  joint  with 
differential  movement. 

Construction  Joints  Small  trees  growing 

in  joints. 

(2)  The  overtopping  potential  analysis  shows 
that  Deep  Hollow  Dam  will  be  overtopped  by  the  PMF,  but 
not  by  one-half  the  PMF  provided  that  the  reduced  pool 
level  is  taken  as  normal  pool  elevation.  Computations 
indicate  that  the  PMF  inflow  would  overtop  the  concrete 
nonoverflow  by  0.6  foot.  Although  the  dam  has  a number 

of  structural  deficiencies,  it  is  believed  to  be  improbable 
that  overtopping  to  the  extent  indicated  would  result  in 
complete  failure  of  this  concrete  gravity  arch  dam.  Based 
on  OCE  criteria,  as  outlined  in  Paragraph  5.1a. (2),  the 
dam  and  spillway  are  rated  as  adequate.  The  existing 
spillway,  combined  with  the  available  storage  from  main- 
taining a reduced  pool  level,  can  accommodate  a flood  with 
a peak  inflow  of  52  percent  of  the  PMF  peak  inflow  with- 
out any  overtopping. 

(3)  Review  of  the  1914  stability  computations 
for  the  dam  indicates  that  for  the  condition  of  maximum 
loading  before  overtopping,  the  resultant  is  slightly 
outside  the  middle  third  of  the  base,  but  the  factor 

of  safety  for  sliding  and  the  toe  pressure  are  within 
acceptable  limits. 

(4)  There  are  two  factors  that  could  affect 
the  structural  stability  of  the  dam  and  its  ability  to 
resist  maximum  loading  and  some  overtopping.  One  factor 
is  the  foundation  condition  under  the  28  feet  of  structure 
that  is  founded  on  stiff  clay  as  well  as  a general  idea 

as  to  the  thickness  of  the  conglomerate  that  the  rest  of 
the  dam  is  resting  upon.  The  other  factor  is  the  de- 
teriorated condition  of  the  concrete.  If  the  questions 
relative  to  the  foundation  are  resolved  and  necessary 
remedial  work  performed,  and  the  concrete  structurally 


rehabilitated,  it  would  be  immaterial  as  to  whether  the 
spillway  is  enlarged  or  the  PflF  flow  allowed  to  overtop 
the  entire  dam. 

b.  Adequacy  of  Information.  The  information  avail- 
able is  such  that  an  assessment  of  the  condition  of  the 
dam  can  be  inferred  from  the  combination  of  visual  inspec- 
tion, past  performance,  and  computations  performed  prior 
to  and  as  part  of  this  study. 

c.  Urgency.  The  recommendations  in  Paragraph  7.2 
should  be  implemented  as  noted  herein. 

d.  Necessity  for  Further  Investigations.  In  order 
to  accomplish  some  of  the  remedial  measures  outlined  in 
Paragraph  7.2,  further  investigations  will  be  required. 

7.2  Recommendations  and  Remedial  Measures. 


a.  In  order  to  reduce  existing  hazards  for  Deep 
Hollow  Dam  in  the  immediate  future  the  following  measures 
are  recommended  to  be  undertaken  by  the  Owner  as  soon  as 
practical : 

(1)  Develop  a detailed  emergency  operation  and 
warning  system  for  Deep  Hollow  Dam. 

(2)  Clear  the  spillway  approach  channel. 

(3)  In  order  to  reduce  the  risk  of  failure  at 
high  pool  levels  or  during  overtopping,  the  Owner  should 
investigate  the  foundation  conditions  where  the  dam  is 
founded  on  soil,  and  design  and  implement  proper  remedial 
measures  that  are  found  necessary  to  prevent  potential 
piping  of  the  foundation  materials  and  erosion  by  overflow. 

(4)  Repair  roof  in  gatehouse. 

b.  To  ensure  the  satisfactory  long-term  condition 
of  the  dam,  the  Owner  should  perform  additional  studies 
to  more  accurately  ascertain  the  discharge  capacity  re- 
quired for  Deep  Hollow  Dam  and  he  should  study  alternates 
and  develop  a plan  for  rehabilitation  of  the  project. 
Continued  lack  of  maintenance  and  repair  will  accelerate 
the  development  of  more  potentially  hazardous  conditions. 
The  study  should  include  determination  of  foundation  con- 
ditions, condition  of  concrete  in  the  dam,  and  extent  of 
remedial  measures  required  to  make  the  dam  hydraulically 
and  structurally  adequate  under  maximum  loading  conditions. 
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c.  Before  remedial  work  for  rehabilitating  the 
project  is  complete,  the  following  measures  are  recom- 
mended to  be  undertaken  by  the  Owner: 

(1)  Maintain  the  pool  level  at  elevation 
1108.8  (10  feet  below  spillway  crest). 

(2)  Visually  monitor  the  two  wet  areas  along 
the  toe  of  the  dam  and  the  three  wet  areas  located  further 
downstream. 


(3)  Provide  round-the-clock  surveillance  of 
Deep  Hollow  Dam  during  periods  of  unusually  heavy  rains. 

(4)  When  warnings  of  a storm  of  major  propor- 
tions are  given  by  the  National  Weather  Service,  the  Owner 
should  activate  his  emergency  operation  and  warning  system 
procedures . 
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APPENDIX  A 

CHECKLIST  ~ ENGINEERING  DATA 


— * 


OUTLETS: 

P|an  Plan  available.  Details  available  by  description. 

Details  No  discharge  ratings . 

Constraints 
Discharge  Ratings 


one 


ENGINEERING  DATA  Sheet  4a  of 


CKECKLIS' 


ENGINEERING  DATA 
HYDROLCC-Y  AND  HYDRAULICS 

NDS  DER 

NAME  OF  DAM:  Deep  Hollow  Dam ID  NO . :PA-00549  ID  NO  . : 40-3 

ELEVATION  TCP  NORMAL  POOL  (STORAGE  CAPACITY):  Elevation  1108.8  

ELEVATION  TOP  FLOOD  CONTROL  POOL  (STORAGE  CAPACITY):  Elevation  1120.3 

ELEVATION  MAXIMUM  DESIGN  POOL:  Elevation  1120.8 

ELEVATION  TOP  DAM:  Elevation  1120.3 


SPILLWAY  CREST: 

a.  Elevation 

1118.3 

b.  Type 

Broad  crested  weir. 

c.  Width 

2 feet 

d . Length 

32  feet 

e.  Location  Spillover Right  abutment . 

f.  Number  ana  Type  of  Gates  None. 

OUTLET  WORKS: 

a.  Type Two  16-lnch  cast-iron  pipes. 

b.  Location  Near  center  of  curved  section  of  dam. 

c.  Entrance  Inverts  Elevation  1078.8. 

d.  Exit  Inverts Elevation  1078.8, 

e.  Emergency  Draindown  Facilities  Pipes  described  above 


HYDROMETEOROLOGICAL  GAGES: 

a . Type None 

b . Location None 

c.  Records None 


MAXIMUM  NONDAMAGING  DISCHARGE: 


Unknown. 
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APPENDIX  B 


CHECKLIST  - VISUAL  INSPECTION 


concrete/masonry  dams 


STAFF  GAGE  OR  RECORDER  None. 


VISUAL  EXAM INATION  OF  I OBSERVATIONS I REMARKS  OR  RECOMMENDATIO NS 


VISUAL  EXAMINATION  OF  OBSERVATIONS  REMARKS  OR  RECOMMENDATIONS 


VISUAL  EXAMINATION  OF  OBSERVATIONS  REMARKS  OR  RECOMMENDATIONS 


RESERVOIR  AND  WATERSHED 


DOWNSTREAM  CHANNEI 


VISUAL  EXAMINATION  OF OBSERVATIONS REMARKS  OR  RECOMMENDATIONS 

ANY  NOTICEABLE  SEEPAGE  3.  Sta  . 3+00  to  3+40:  Generally  3.  No  flowing  water;  appears  to 


VISUA I . EXAM  IN  AT  [O  N O F 1 OBSERVATIONS I REMARKS  OR  RECOMMENPATIO  NS 
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DEEP  HOLLOW  DAM 


Upstream  Face  of  Curved  Concrete  Gravity  Section 
Near  Left  Abutment 


Upstream  Face  of  Curved  Concrete  Gravity  Section 
Near  Right  Abutment 


*•*  *'■ 


DEEP  HOLLOW  DAM 


Right  End  of  Curved  Concrete  Gravity  Section 
Spillway  Approach  Channel  is  in  Background 
at  Center. 


Concrete  Disintegration  Along  the  Upstream  Face  of 
the  Curved  Concrete  Gravity  Section 
at  Right  End 


DEEP  HOLLOW  DAM 


G.  View  Along  Straight  Concrete  Gravity  Section. 
Looking  from  Right  End  of  Curved  Concrete  Gravity  Section 
Spillway  Approach  Channel  on  Right. 


H.  32 -Foot  Wide  Spillway. 
Spillway  Approach  Channel  is  on  Right 
Spillway  Outlet  Channel  is  on  Left. 


DEEP  HOLLOW  DAM 


I.  Railroad  Embankment  Retaining  Wall 
Spillway  Approach  Channel  on  Right. 


I.  Wet  Area  Downstream  from  Dam 
Located  About  600  Feet  from  Left  Abutment 


DEEP  HOLLOW  DAM 


DEEP  HOLLOW  DAM 


A . Intake  Area  of  Abandoned  Flume 
The  Masonry  Intake  Structure 
Has  Been  Completely  Washed  Away. 


N.  Conduits  Through  1-81  Highway  Embankment 
1.5  Miles  Downstream  from  Dam 
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DEEP  HOLLOW  DAM 


APPENDIX  E 
GEOLOGY 


1.  General  Geology.  The  dansite  and  reservoir  are  lo- 
cated in  Luzerne  County.  The  rock  formations  exposed  in 
Luzerne  County  range  from  the  post-Pottsville  formations, 
of  Pennsylvanian  Age,  down  to  the  Onondaga  formation,  of 
Middle  Devonian  Age.  The  Wisconsin  terminal  moraine  cros- 
ses the  southern  part  of  the  County,  and  the  greater  part 
of  the  County  is  covered  by  glacial  drift.  Extensive 
deposits  of  glacial  outwash  occur  along  the  Susquhanna 
River  and  less  extensive  deposits  along  the  smaller  streams. 

Nearly  all  of  Luzerne  County  lies  in  the  Valley  and 
Ridge  Province  in  which  nearly  all  the  rocks  have  been 
strongly  folded.  In  going  from  north  to  south  across  the 
County,  five  major  folds  are  encountered,  all  of  which 
trend  northeast.  The  first  of  these  is  a shallow  syncline 
on  the  crest  of  North  Mountain,  forming  the  Mehoopany  coal 
basin.  The  second  is  the  Milton  Anticline,  which  exposes 
the  Portage  group  in  the  northwestern  part  of  the  County 
and  gradually  flattens  out  toward  the  northeast.  The 
third  and  most  pronounced  is  the  Lackawanna  Syncline, 
which  originates  in  Lackawanna  County  to  the  north,  and 
has  preserved  the  post-Pottsville  formations  throughout 
the  Wyoming  Valley.  The  maximum  depth  of  this  syncline 
is  reached  in  the  vicinity  of  Wilkes-Barre  and  Plymouth. 

The  double  rim  of  this  syncline  is  formed  by  the  resistant 
Pottsville  formations  and  Pocono  sandstone,  separated  by 
the  less  resistant  Mauch  Chunk  shale.  The  fourth  fold  is 
the  Berwick  (Montour)  Anticline,  which  exposes  a few  feet 
of  the  Onondaga  formation  in  the  vicinity  of  Beach  Haven. 
This  fold  reaches  its  maximum  development  farther  west  and 
only  the  eastern  portion  reaches  Luzerne  County.  The  fifth 
major  fold  comprises  a series  of  anticlines  and  synclines 
forming  the  Eastern  Middle  Anthracite  Field  in  the  vicinity 
of  Hazelton.  The  synclinal  basins  in  this  region  are  rel- 
atively shallow  and  there  are  large  areas  from  which  all 
coalbeds  have  been  eroded. 

The  general  dips  of  the  region  vary  from  0°  to  40°, 
and  the  maximum  dips  are  found  on  the  rims  and  within  the 
synclinal  coal  basins.  The  relatively  soft  post-Pottsville 
beds  in  their  cores  are  severely  folded  and  contorted 
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with  numerous  minor  faults.  The  northern  and  easternmost 
parts  of  the  County  border  the  Appalachian  Plateau  Prov- 
idence and  are  characterized  by  horizontal,  or  nearly 
horizontal  strata.  The  Catskill  continental  group  of 
rocks  underlies  those  parts  of  Luzerne  County  that  are 
outside  of  the  five  major  folds. 

2.  Site  Geology.  In  the  area  of  interest,  the 
Susquhanna  River  represents  the  approximate  axis  of  the 
Lackawanna  Syncline.  The  dam  and  reservoir  are  located 
east  of  the  Susquehanna  River  in  the  relatively  gentle 
slope  of  the  left  descending  limb,  looking  downstream, 
of  the  Syncline.  Deep  Hollow  Run,  a tributary  of  Mill 
Creek,  has  cut  through  the  Ilauch  Chunk  shale  formations, 
in  the  area  of  the  damsite,  and  is  flowing  over  a hard, 
gray  Pottsville  conglomerate.  Beyond  the  immediate 
streambed,  the  valley  bottom  and  abutments  are  covered 
by  a sandy  clay  overburden. 

From  construction  reports,  obtained  by  Pen- 
nsylvania Water  Supply  Commission  engineers  in  the  initial 
1914  inspection  of  the  dam,  all  but  28  feet  of  the  863 
foot  length  of  concrete  dam  is  founded  upon  the  hard, 
gray  conglomerate.  A 28-foot  section  of  dam,  located  73 
feet  from  the  right  end  of  the  arch,  is  founded  upon  a 
stiff  clay.  The  top  of  conglomerate  was  located  from  2 
feet  below  natural  gound  in  the  valley  to  over  13  feet 
in  the  abutments.  The  stiff  clay  layer  upon  which  the 
28  feet  of  dam  is  founded,  was  located  from  13  to  15  feet 
below  natural  ground.  The  conglomerate  was  reported  to  be 
of  such  good  quality  that  it  was  only  found  necessary  to 
remove  from  1 to  2 feet  of  weathered  rock  to  obtain  a 
good,  firm  rock  foundation.  The  rock  foundation  was 
reported  to  have  been  thoroughly  cleaned  and  roughened 
and  all  surface  joints  filled  with  an  expanding  mortar 
prior  to  concrete  placement. 


E-2 


J 


